In this paper, we discover and proved that the 0 to R1 cylinder radial coordinate transformation can not be used to make cylinder layer electromagnetic EM cloak. Patent of discover,create method and proof in this paper are reserved by authors in GL Geophysical Laboratory.
II. MAXWELL EM EQUATION IN THE CYLINDER COORDINATE IN FREE SPACE
In this section, let the H z (ρ, φ, z) be magnetic field component in Z direction. We describe magnetic field equation in the cylinder coordinate free space. where ρ is radial coordinate, φ is angular coordinate, H z (ρ, φ, z) is the magnetic wave field. k = ω √ εµ is the constant EM wave number in free space , ω is the angular frequency. ε is the basic electric permittivity in free space, µ is the basic magnetic permeability in free space. The magnetic source M s is induced by the point Delta electric source in e x = (1, 0, 0) direction,
The incident magnetic wave field H z,i (ρ, φ, z) does satisfy the Maxwell magnetic equation (1) in free space, 
On the cylinder surface boundary ρ = R 2 , the magnetic wave field H z = H z (ρ, φ, z) and its derivative satisfy the continuous boundary conditions
B. 0 to R1 cylinder radial coordinate transformation
The inverse mapping is
C. Magnetic equation in the cylinder layer R1 ≤ ρ ≤ R2
To substitute 0 to R 1 cylinder radial coordinate transformation (10)- (14) into (7), the magnetic wave equation (7) in the free space cylinder ρ ≤ R 2 and |z| < ∞ is translated to the following anisotropic magnetic wave equation in the cylinder layer
Where the relative parameters induced by the 0 to R 1 cylinder radial transformation (10-14) are
on the cylinder surface boundary ρ = R 2 the magnetic wave field solution H z = H z (ρ, φ, z),of equation (15) and its derivative satisfy the following continuous boundary conditions
D. 0 to R1 cylinder radial coordinate transformation can not be used to make cylinder layer EM cloak T heorem 1 : Suppose that the magnetic wave H z (ρ q , φ, z) does satisfy the magnetic equation (15) with relative anisotropic EM parameters (16-18), and satisfy the field and derivative boundary conditions (19) and (20) that is necessary for no scattering from the cylinder ρ ≤ R 2 , |z| < ∞,then H z (ρ q , φ, z) has the analytic express as follows:
Proof: Substitute the analytic magnetic wave field H z (ρ q , φ, z) in (21) into the equation (15), by inverse transformation, H z (ρ q , φ, z) is put back to H z (ρ, φ, z) in (6) which is solution of (7). Therefore, H z (ρ q , φ, z) does satisfy the acoustic equation (15) and does satisfy the no scattering boundary condition (19) and (20), The theorem is proved. In next paper, we will use GLHUA analytical expand method to prove the theorem.
T heorem 2 : Suppose that the relative electric permittivity and magnetic permeability are induced by 0 to R 1 cylinder radial transformation in (10)- (14),and incident wave is excited by outside electric point source in (2) . The magnetic wave does satisfy the necessary no scattering boundary condition on the outer and inner boundary.The magnetic field H z (ρ, φ, z) is propagation penetrate into the inner cylinder ρ ≤ R 1 , |z| < ∞. The inner cylinder ρ ≤ R 1 , |z| < ∞. can not be cloaked.
Proof: When the point is on the inner cylinder surface boundary ρ q = R 1 , and |z| < ∞. Substitute ρ q = R 1 into (21), we have
For simplicity and without confusion, we remove the subscript q in the inner cylinder, it is naturally, we design ε ρ = µ ρ = 1, ε φ = µ φ = 1, ε z = µ z = 1 in the inner cylinder ρ ≤ R 1 and |z| < ∞ . The magnetic wave H z (ρ, φ, z) , in the inner cylinder does satisfy the following magnetic wave equation
and does satisfy the continuous boundary condition on the cylinder surface boundary ρ = R 1 , and |z| < ∞.
The theorem 2 is proved. The magnetic field H z (ρ, φ, z) is propagation penetrate into the inner cylinder ρ ≤ R 1 , |z| < ∞. The inner cylinder ρ ≤ R 1 , |z| < ∞. can not be cloaked.
Similarly, The electric wave propoagation penetrate into the inner cylinder, The inner cylinder ρ ≤ R 1 , |z| < ∞. can not be cloaked.
IV. DISCUSSION AND CONCLUSION
In many published paper [4] , authors proposed 0 to R 1 cylinder radial linear transformation for cylinder layer EM cloak,however the EM wave propagation penetrate into their inner cylinder ρ ≤ R 1 , |z| < ∞. Their inner cylinder can not be cloaked. The 0 to R 1 cylinder radial coordinate transformation can not be used to make cylinder layer electromagnetic cloak That necessary no scattering boundary conditions induced that there is unbounded spherical symmetry magnetic wave H(ρ, z) propagation in the inner cylinder ρ < R 1 . If the inner magnetic wave H(ρ, z) meet the some EM scattering object in inner sphere, for example a fly, the EM scattering wave will propagation go out outside of the cylinder ρ ≤ R 2 . The cylinder ρ ≤ R 2 will be detected. Also, the linear 0 to R 1 cylinder transformation makes the infinite and exceeding light speed propagation. In next papers, we will propose a novel transformation [8] for EM cylinder cloak that will overcome the difficult on the EM wave propagation penetrate into the inner cylinder ρ < R 1 . It is totally different from transformation cylinder cloak,our GLHUA double layer cylinder EM incvisible cloak by [1, 2, [3] [4] [5] 6, 7, 8] and GLHUA seismic double cloak and their exact analytical wave propagation will overcome all difficuties in 0 to R 1 transformation cylinder cloak.
